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nental seas (Vine and Tourtelot, 1969). They include such de-
posits as the Chattanooga shale and its correlative in the United
States and the kolm-bearing Alum shale of Scandanavia. Those
sediments are generally relatively thin. They are differentiated
from adjacent rocks by their color and abnormal radioactivity
and can be readily discerned in gamma-ray logs of boreholes.

MARINE  EVAPORITIC ENVIRONMENT

Evaporites may form in several geologic environments; how-
ever, those that contain deposits of commerical interest were
formed in restricted basins.

Restricted Basin Deposits

Extensive and thick evaporite deposits formed in basins that
were marginal to oceans. The flow of seawater into and from
these basins was restricted so that evaporation was able to play
a major role in the concentration of salts. Where only minor
amounts of stream-transported materials entered the basins,
the sediments that accumulated were chemical precipitates of
relatively high purity. Under ideal conditions the materials
deposited, through a range of increasing salinity, are limestone,
dolomite, gypsum (and anhydrite), halite, and finally the ex-
tremely soluble salts of K and Mg. The evaporite minerals of
major economic importance are gypsum, halite, and sylvite or
carnallite.

Halite, gypsum, and anhydrite are widely distributed. Hal-
ite, unlike gysum and anhydrite, generally is not preserved at
the earth's surface because of its high solubility. Rocks rep-
resenting the final stages of evaporation must be located by
regional geologic analysis and tested for their halite content by
drilling. Halite has been sought throughout the entire history
of man. The mining of salt is a major industry, as it is used as
a primary material in a vast array of chemical products. Despite
its rarity as a surficial rock, halite resources are tremendous.
Unfortunately, the potassic and magnesian products of extreme
desiccation are much less abundant.

Sylvite, the least common of the industrial marine evaporite
minerals, is essential as a major component in fertilizer. Al-
though sylvite is commonly associated with halite, it is much
more restricted in its distribution, and, therefore, more so-
phisticated techniques are necessary to find it.

Residual brines that remain trapped in evaporite basins and
in sedimentary rocks adjacent to them contain valuable dis-
solved materials, particularly K, Mg, Br, and Li.

NONMARINE ENVIRONMENT

Swamp and Lagoon Deposits

Except for coal, minerals deposited in swamp and lagoon en-
vironments have relatively small economic value. They include
bog Fe-ore deposits, which have been extensively mined in
the past but are of little economic value in the United States

today. Phosphate is deposited in estuarine environments, and
large kaolin deposits accumulated in swamps and lagoons. The
phosphate deposits are small and generally have relatively high
contents of Fe and alumina, which decreases their value as a
fertilizer raw material.

Extensive coal and humate deposits are formed in the swamp
and saltwater marsh environment. These deposits are locally
enriched in a variety of elements such as U, V, and Zn, which
in some coals are valuable by-products. However, such con-
centrations are clearly diagenetic, and ore deposits of this origin
are treated in Chapter 6 of this study.

Lake Deposits

Saline lakes contain a wide variety of evaporite minerals. Halite
and potassium salts are being recovered from lake waters by
evaporation in ponds marginal to Great Salt Lake, Utah. Trona
(sodium carbonate) is being mined from Eocene lake beds of
the Green River Formation in Wyoming. Borate minerals have
been mined for many years from Tertiary lake beds in Death
Valley, and B and Li are recovered from subsurface brines at
Searles Lake, California.

Zeolites are abundant in saline-lake beds (Surdam and Shep-
pard, 1978). Volcanic ash deposited in these lakes was altered
from its original glassy material to zeolite minerals by the lake
brines. Large deposits of zeolites are widely distributed
throughout nonmarine basin deposits of the western United
States (Sheppard, 1971).

The solubility of Li salts is so high that Li remains in the
residual brine even after most of the common salt has been
precipitated by evaporative concentration. Brines and volcanic
ash-rich sediments from saline lakes may also contain economic
concentrations of Li as at Clayton Valley, Nevada. Most Li
today is used in the aluminum and glass industries, but in the
future large quantities may be required for new types of bat-
teries, heat exchangers, and thermonuclear (fusion) power re-
actors.

River Deposits

Rivers and streams produce the most important type of placer
deposits; these have yielded great quantities of Au, Pt, Sn,
diamonds, and other precious stones. Stream placers are one
of the earliest types of mineral deposits discovered and worked
by man, and the techniques for their discovery and exploitation
have been developed to a high degree. This, combined with
the easy accessibility of such deposits, has probably resulted
in the discovery of most of[ the important geologically recent
placer deposits.

Ancient placer deposits present more of a technological chal-
lenge in that their discovery requires geologic analysis, so-
phisticated exploration techniques, and usually costly drilling.
Ancient detrital deposits, such as the huge Witwatersrand Au
and U deposits, are probably placer deposits, although many
aspects of their origin are in dispute. The offshore tin deposits
of Malaysia also include fossil placers formed when sea level
was lower.